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(54) PULSE POWER UNIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make the conduct time 
control of a switch Q1 reliable and easy in a unit where a 
pulse generation circuit 1 has a tertiary winding provided 
at a pulse transformer T2, and reflection energy from a 
loading side is charged in the initial charging direction by 
an oscillating current through a capacitor CO from the 
tertiary winding with the semiconductor switch Q1 off- 
controlled after the generation of a pulse current. 
SOLUTION: A voltage detection circuit 7 detects a 
voltage VC0 of a capacitor. A conduct time operator 8 
calculates a conduct time from timing to on- control a 
switch Q1 by a trigger signal. In this calculation, the 
lower limit (t1+t2) is specified by adding t1 which shows 
the time until the saturation of a saturable reactor T1 with 
the voltage VC0 as a parameter, and a time t2 which shows the time until the capacitor 
completes discharge under the saturation. The upper limit (t1+t2+t3) is the sum of the lower 
limit time and a time t3 which shows the time from the completion of the discharge of the 
capacitor until the return of reflection energy. This pulse power unit includes that the unit uses 
a current command value or the like of a charger 2 instead of voltage detection. 
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* NOTICES * 

JPO and NCIPI axe not responsible fox any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS ^^^^^ 
[Claim(s)] 

[Claim 1] With a battery charger, charge a capacitor to a predetermined electrical potential difference, 
and series connection of a solid state switch, a pulse transformer, and the saturable reactor is carried out 
to this capacitor. ON control of this solid state switch, and the pulse generating circuit which generates 
pulse current in saturation actuation of this saturable reactor, It has the magnetic-pulse compression 
circuit which carries out magnetic-pulse compression of the pulse current acquired to secondary [ of said 
pulse transformer ], and is supplied to a load. Said pulse generating circuit is in the condition which 
formed the 3rd coil in said pulse transformer, and carried out off control of said solid state switch after 
generating of pulse current/In the pulse power unit equipped with the circuit which charges this 
capacitor in the initial charge direction by the oscillating current which let said capacitor pass for the 
reflective energy from said load side from this 3rd coil The time amount tl from the timing which 
carried out ON control of said solid state switch to saturation actuation of said saturable reactor which 
asks for the initial charge electrical potential difference of said capacitor as a parameter, Time amount 
(tl+t2) adding the time amount t2 until said capacitor carries out the completion of discharge actuation 
in saturation actuation of this saturable reactor is made into a minimum The flow time amount which 
makes an upper limit time amount (tl+t2+t3) which added the time amount t3 until said reflective 
energy returns from the completion of discharge actuation of this capacitor to said minimum time 
amount is found. The pulse power unit characterized by establishing a flow time amount operation 
means by which only this flow time amount carries out ON control of said solid state switch. 
[Claim 2] Said flow time amount operation means is a pulse power unit according to claim 1 
characterized by obtaining from the electrical-potential-difference command value or its electrical- 
potential-difference detector of the electrical-potential-difference detector which detects the electrical 
potential difference of said capacitor, or said battery charger which charges this capacitor the first stage, 
and finding said time amount 1 1 . 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention combines the pulse generating circuit and magnetic-pulse 
compression circuit which used the solid state switch for power, and relates to the pulse power unit 
which generates a narrow-width high current pulse, especially relates to the flow control system of the 
solid state switch for processing of the reflective energy from a load side. 
[0002] 

[Description of the Prior Art] First, the pulse power unit which drives excimer laser etc. supplies a 
current pulse to loads, such as a laser electrode, from a capacitor by making a control switch ignite by 
trigger command, after charging an electric power condenser to a predetermined electrical potential 
difference with a battery charger. Instead of the conventional thyratron, power semiconductor devices, 
such as GTO and IGBT, are used for a control switch in many cases. The reason is because there is a 
problem that generating of a misfire with the short life at the time of high repeat operation and the heat 
rise of a filament take time amount, and instant starting cannot be performed in a thyratron. 
[0003] On the other hand, since withstand voltage and single [ about ] figure pulse current energization 
capacity are inferior compared with a thyratron with a component simple substance in the case of a 
power semiconductor device, it is usually using together the pressure up by the pulse transformer, and 
the magnetic-pulse compression using a magnetic switch, and the deficiency in performance of a 
component is compensated in many cases. 

[0004] Drawing 3 shows the example, a pulse generating circuit 1 ~ the first rank - the capacitor CO is 
charged with the battery charger 2 the first stage, and pulse current is supplied to a pulse transformer T2 
from a capacitor CO by ON control of a solid state switch Ql. 

[0005] A saturable reactor Tl mitigates the duty of a solid state switch Ql. That is, switching loss will 
occur on a switch Ql, and a solid state switch Ql will cause the temperature rise and thermal runaway, 
if there is response delay after a trigger signal is impressed until it turns on completely and a current 
flows on a switch Ql through a pulse transformer T2 in the meantime from a capacitor CO. Then, a 
saturable reactor Tl presents a high inductance only for time amount until a switch Ql turns on 
completely, the switching current is prevented, and it is made for a current to flow on a switch Ql in a 
reactor Tl being saturated after that (low inductance). The magnetic switch operating time of this reactor 
Tl is decided by the magnitude of an electrical potential difference and the product (electrical-potential- 
difference time amount product) of time amount which are impressed, and is designed in consideration 
of the switching operation engine performance of a switch Ql, and the initial charge electrical potential 
difference of a capacitor CO. 

[0006] Next, cascade connection of three steps of magnetic-pulse compression circuits 31-33 is carried 
out to secondary [ of a pulse transformer T2 ], and when high-pressure charge of the capacitor CI is 
carried out by the pulse current which carried out the pressure up with the pulse transformer PT and 
saturable-reactor T3 carries out magnetic switching according to that electrical-potential-difference time 
amount product on the charge electrical potential difference of this capacitor CI, the narrow- width pulse 
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current which carried out magnetic-pulse compression is supplied to the magnetic-pulse compression 
circuit 32 of the next step in the magnetic-pulse compression circuit 3 1 of the first rank. Similarly, high- 
pressure charge of capacitors C2 and C3, and saturable-reactor T four and magnetic switching of T5 
perform magnetic-pulse compression of pulse width in the magnetic-pulse compression circuits 32 and 
33. 

[0007] The pulse output of the magnetic-pulse compression circuit 33 obtains discharge from Capacitor 
CP to a discharge electrode (laser electrode) LH, when the pulse current of narrow- width and the high 
voltage is supplied to the loads 4, such as a chamber of a laser head, and the peaking capacitor CP is 
charged to a fixed voltage level. 

[0008] In addition, the magnetic reset with which a saturable reactor Tl, T3, T four, and T5 make it 
saturated in the magnetization direction reverse after magnetic switching is made. 
[0009] As mentioned above, a pulse power unit is transformed into the energy of the electrical potential 
difference which uses together the booster circuit by the pulse transformer T2, and the pulse 
compression circuit by the magnetic switch, and laser needs, and pulse width, and is poured into the 
laser electrode. 

[0010] Here, the energy poured into the load 4 is not consumed 100%, it reflects and a part of energy 
returns to a power-source side. Although this reflective energy carries out sequential retrogression with 
capacitor C3 ->C2 ->C1 ->C0, the polarity of the electrical potential difference of each NDENSA turns 
into an opposite polarity, when supplying energy to a load. So, in order to make the energy which has 
finally returned to the capacitor CO revive as a part of next pulse energy, the circuit which reverses the 
electrical potential difference of the capacitor CO charged by reversed polarity with reflective energy is 
needed. 

[001 1] This circuit consists of Diodes DF, Reactors LF, and the solid state switches QF in drawing 3 . 
Reactor LF generates the resonance oscillating current between them in charge of a capacitor CO, and 
Diode DF prevents re-reversal when a capacitor CO carries out electrical-potential-difference reversal by 
the oscillating current of a half period. At the time of reversal actuation of a capacitor CO, off control of 
the solid state switch QF is carried out, it prevents that a reversal current flows through the rectifying 
device formed in the outgoing end of a battery charger 2 from a capacitor CO, and protects a rectifying 
device from an overcurrent. In addition, although a current-limiting reactor may be formed instead of a 
solid state switch QF, in order that an inductor wardrobe may enter the charging current loop formation 
from a battery charger 2 to a capacitor CO in this case, the problem that charge electrical-potential- 
difference precision deteriorates arises. 

[0012] Drawing 4 shows other conventional circuits. In this drawing, form the 3rd coil in the pulse 
transformer T2 for pressure ups, and a series connection circuit is formed in a capacitor CO through 
Diode DRC and Reactor LRC at this. When the solid state switch Ql is turned OFF after pulse current 
supplying a capacitor CI from a capacitor CO, and reversal energy returns to a capacitor CI after that 
The 3rd coil -> by passing the oscillating current by the loop formation of the capacitor CO -> diode 
DRC-> reactor LRC, a capacitor CO is charged by the time of the initial charge, and like-pole nature (for 
example, Japanese Patent Application No. No. 205567 [ 1 1 to ]). 

[0013] From the control switch with which this method is equivalent to the solid state switch QF of 
drawing 3 becoming unnecessary, and moreover not being charged by reversed polarity, required 
withstand voltage falls and a capacitor CO has big effectiveness in small, lightweight-izing, and cost 
reduction. 
[0014] 

[Problem(s) to be Solved by the Invention] As mentioned above, having un-arranged [ following ], 
although mode of processing of the reflective energy of drawing 4 made the solid state switch QF 
unnecessary and was excellent in small, lightweight-izing, and cost reduction of a capacitor CO 
compared with it of the method of drawing 3 . 

[0015] In order to return the reflective energy from a load to a capacitor CO by like-pole nature, the solid 
state switch Ql must be made into the OFF state before the energy migration to capacitor CI ->C0. For 
this reason, as a switch Ql, make it turn on at the time of pulse generating, and the energy of a capacitor 
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CO is poured into a discharge electrode LH through CI ->C2 ->C3 ->CP. then, a turn-off will be carried 
out, by the time the energy which was not consumed reflects from a load and the shift (******** { s the 
reverse sense) to CP->C3 ->C2 ->C1 finishes - **** - the time amount - at most - several - it is the 
range of microsecond second -20 microsecond, and a delicate gate control is needed. 
[0016] In an actual circuit, with a switch Ql, since there is a time delay for 1 - 3 microseconds after 
inputting an off signal into the gate until it will be in non-switch-on, if the energy of a capacitor CO 
finishes shifting to CI, it is necessary to input an off instruction into the gate in an instant, and positive 
off timing control becomes difficult. 

[0017] Moreover, in the pulse generating circuit 1 shown in drawing 3 and drawing 4 , the saturable 
reactor Tl for reducing the switching loss of a switch Ql is formed. In the case of the high pulse power 
source of several kHz order operated repeatedly, this reactor Tl is an indispensable existence in an 
actual power semiconductor device the above in which ideal switching called the switching time 0 is 
impossible, and, as for a reactor Tl, the time amount by which that iron core changes with the. size of the 
charge electrical potential difference of a capacitor CO from being un-saturated to saturation changes. 
Then, even if the timing as which the ON signal was inputted into the gate of a switch Ql is known, the 
timing [ begin ] to which the kinetic wave to capacitor CO ->C1 flows, as a result the timing at the time 
of termination cannot be held, either. 

[0018] On the other hand, since it is uniquely decided from the resonant period of the serial compound 
electrostatic capacity of capacitors CO and CI, the reactor Tl at the time of iron core saturation, and the 
synthetic floated inductance of wiring, the persistence time of a kinetic wave also becomes fixed and the 
persistence time of a kinetic wave can be grasped in advance, if the structure of a circuit constant, 
wiring, etc. is fixed. 

[0019] In order to grasp the timing at the time of the kinetic wave termination to capacitor CO ->C1 from 
the above thing and to input an off signal, the timing [ begin ] to which the iron core of a reactor Tl is 
saturated and the kinetic wave to capacitor CO ->C1 flows should just be known. 

[0020] Therefore, as shown in (a) of drawing 5 , CT (current transformer) is prepared in a capacitor CO. 
The timing [ begin ] to which the kinetic wave to capacitor CO ->C1 flows from this detection current in 
the discharge-starting timing detector 5 is detected. The time amount from the timing of Ql trigger 
signal to discharge-starting timing is detected, this time amount is asked for the flow time amount of Ql 
in consideration of the persistence time of the kinetic wave by the side of a load, and it is possible to 
generate the gate control signal of a switch Ql in this flow time amount with the flow time amount 
operation part 6. However, the peak value of the kinetic wave to capacitor CO ->C1 becomes several kA 
order in many cases, large-sized CT is needed, and the installation tooth space of appropriate magnitude 
is needed. 

[0021] So, as shown in (b) of drawing 5 , auxiliary capacitor CO' of small capacity is prepared in a 
capacitor CO and juxtaposition, and it is possible [ it ] by detecting the discharge current by small CT to 
hold the timing [ begin ] to which the kinetic wave to capacitor CO ->C1 flows with actual equipment. In 
addition, Rdmp is damping resistance for oscillating-current control which flows between a capacitor CO 
and CO 1 . 

[0022] However, for the timing detection of beginning to which the kinetic wave to capacitor CO ->C1 
flows anyway, about excessive passive circuit elements, the addition was required and had become a 
tooth space and the cause of cost quantity. 

[0023] The purpose of this invention is to offer the pulse power unit which made flow time control of 

the solid state switch for triggers of a pulse generating circuit certainly and easy. 

[0024] 

[Means for Solving the Problem] This invention is replaced with finding the flow time amount of a 
switch Ql by detecting discharge actuation of a capacitor CO, in order to solve the aforementioned 
technical problem. The saturation operating time of the saturable reactor Tl after a switch Ql carries out 
ON actuation by trigger command is decided by the electrical-potential-difference time amount product, 
It notes that the charging time value of a capacitor CO becomes about 1 law by LC circuit constant, and 
that time amount until the reflective energy from a load side returns is mostly decided by circuitry. The 
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saturation operating time of a saturable reactor is found by making the charge electrical potential 
difference of a capacitor CO into a parameter. It is what was made to make within the limits which 
makes a m i n imum time amount which added the charging time value of a capacitor to this, and makes 
an upper limit time amount adding time amount until reflective energy returns to this flow time amount, 
and is characterized by the following configurations. 

[0025] (1) With a battery charger, charge a capacitor to a predetermined electrical potential difference, 
and carry out series connection of a solid state switch, a pulse transformer, and the saturable reactor to 
this capacitor. ON control of this solid state switch, and the pulse generating circuit which generates 
pulse current ,in saturation actuation of this saturable reactor, It has the magnetic-pulse compression 
circuit which carries out magnetic-pulse compression of the pulse current acquired to secondary [ of said 
pulse transformer ], and is supplied to a load. Said pulse generating circuit is in the condition which 
formed the 3rd coil in said pulse transformer, and carried out off control of said solid state switch after 
generating of pulse current. In the pulse power unit equipped with the circuit which charges this 
capacitor in the initial charge direction by the oscillating current which let said capacitor pass for the 
reflective energy from said load side from this 3rd coil The time amount tl from the timing which 
carried out ON control of said solid state switch to saturation actuation of said saturable reactor which 
asks for the initial charge electrical potential difference of said capacitor as a parameter, Time amount 
(tl+t2) adding the time amount t2 until said capacitor carries out the completion of discharge actuation 
in saturation actuation of this saturable reactor is made into a minimum. The flow time amount which 
makes an upper limit time amount (tl+t2+t3) which added the time amount t3 until said reflective 
energy returns from the completion of discharge actuation of this capacitor to said minimum time 
amount is found, and it is characterized by establishing a flow time amount operation means by which 
only this flow time amount carries out ON control of said solid state switch. 
[0026] Moreover, said flow time amount operation means is characterized by obtaining from the 
electrical-potential-difference command value or its electrical-potential-difference detector of the 
electrical-potential-difference detector which detects the electrical potential difference of said capacitor, 
or said battery charger which charges this capacitor the first stage, and finding said time amount tl. 
[0027] 

[Embodiment of the Invention] Drawing 1 is the equipment configuration Fig. showing the operation 
gestalt of this invention, and a flow time amount computing type differs from the configuration of 
conventional drawing 4 . 

[0028] A battery charger 2 charges a capacitor CO with the high voltage direct current output obtained to 
a rectifier circuit REC by the single phase inverter INV operated / suspended with the period of pulse 
generating, the transformer TR which carries out the pressure up of this output, and the rectifier circuit 
REC which carries out full wave rectification of this output. The charge electrical-potential-difference 
value at this time is controlled by the armature- voltage control amplifier AVR which compares an 
electrical-potential-difference command with an output detection electrical potential difference. 
[0029] The electrical-potential-difference detector 7 detects the electrical potential difference of a 
capacitor CO. Although it realizes with the configuration which prepared for example, the partial 
pressure resistance circuit, and the configuration which formed the capacitor for raising detection 
responsibility at juxtaposition in partial pressure resistance further, respectively, this electrical-potential- 
difference detector 7 is the thing of small and low cost very much compared with the current detection 
by the conventional current transformer (CT) also in which configuration, and is realized. 
[0030] A gate-on control signal is generated with the trigger signal of a switch Ql, the flow time amount 
operation part 8 finds the flow time amount from this timing by the operation, and when flow time 
amount is reached, it generates a gate off control signal. As for the gate mechanical component 9, only 
the period from the gate-on control signal from the flow time amount operation part 8 to a gate off 
control signal carries out ON control of the switch Ql. 

[003 1] The pulse generating actuation which is mainly concerned with the operation of this flow time 

amount operation part 8 is explained below with reference to drawing 2 at a detail. 

[0032] A capacitor CO is charged by operation of a battery charger 2 the first stage, and the electrical 
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potential difference VC 0 is changed according to the amount of energy which a load (laser electrode) 4 
needs. After the charge electrical potential difference of a capacitor CO is charged to the set point, a 
trigger signal is given in order to make a switch Ql turn on. this trigger signal — operation/halt control 
of a battery charger 2, modification of an electrical-potential-difference command value, reset of a 
saturable reactor, etc. — mutual — relation — the price ~ **** — sequence control — it is carried out. 
[0033] By the trigger signal of a switch Ql, ON control of the switch Ql is carried out. A saturable 
reactor Tl carries out saturation actuation through time amount tl from this ON control timing. This 
time amount tl is decided by the value of the charge electrical potential difference VC 0 of the 
electrical-potential-difference time amount product and capacitor CO which a saturable reactor Tl has as 
mentioned above, becomes the relation of a degree type, and is in inverse proportion to an electrical 
potential difference VC 0. 
[0034] 

[Equation 1] A tl= electrical-potential-difference time amount product / VC0 - (1) 

Next, a saturable reactor Tl becomes a low inductance in the saturation actuation, and starts discharge 

actuation (pulse generating) of Current IC from a capacitor CO. The charging time value t2 of the 

capacitor CO at this time becomes fixed 1/2 period of the resonance frequency decided from the sum 

total inductance L of the juxtaposition electrostatic capacity C of capacitors CO and CI, the saturation 

inductance of a saturable reactor Tl, and stray inductances, such as wiring, as shown in the following 

type. 

[0035] 

[Equation 2] t2=pi (LC) 1/2 - (2) 

Next, it is consumed as spark discharge energy with the laser electrode LH with which the pulse 
generated in the pulse generating circuit 1 serves as a load 4 through the magnetic-pulse compression 
circuits 31-33, and the residual energy returns to a pulse generating circuit 1 as reflective energy through 
the magnetic-pulse compression circuits 31-33. Although the time amount t3 at this time is time amount 
until reflective energy returns from the completion of discharge of a capacitor CO and it is decided from 
the parameter (T5 saturable-reactor T3, T four, each current time amount product) and service condition 
(the peak voltage value and reflector voltage peak value from a load of an output pulse) in connection 
with an equipment design, the service condition (at the time [ An output and reflection ] of the 
maximum on a specification) which serves as the shortest time amount here determines. Moreover, 
reflective energy charges a capacitor CO in the initial charge direction by current IC through the 3rd coil 
as usual. 

[0036] Off control of a series of actuation to the above to the switch Ql should just be between the time 
amount t3 until reflective current IC begins to flow to the 3rd coil of a pulse transformer T2 after the 
completion of discharge of a capacitor CO. 

[0037] Then, it asks for within the limits which the flow time amount operation part 8 makes a minimum 
time amount adding time amount tl and t2 from the timing to which the trigger signal was given, and 
makes an upper limit time amount which added time amount t3 to this as flow time amount of a switch 
Ql. Among these, time amount tl is found from the aforementioned (1) formula by making into a 
parameter the electrical potential difference VC 0 detected in the electrical-potential-difference detector 
7, and time amount t2 is found by the aforementioned (2) formula from circuit constants L and C 
Moreover, time amount t3 is measurable beforehand from circuitry. 

[0038] Therefore, the flow time amount operation part 8 asks for the result of an operation of tl+t2+t3/2 
as flow time amount based on the above-mentioned time amount tl, t2, and t3. In addition, it is desirable 
to ask this flow time amount in consideration of the turn-off time of a switch Ql, the response time of 
the gate mechanical component 9, etc. 

[0039] Although the case where the electrical-potential-difference detector 7 of a capacitor CO is formed 
is shown with the above operation gestalt in order to find time amount tl, the electrical-potential- 
difference detector 7 is omissible by replacing with this and using the electrical-potential-difference 
command value of a battery charger 2, and the output voltage detection value of Inverter INV. 
[0040] 
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[Effect of the Invention] According to this invention the above passage, the saturation operating time of 
a saturable reactor is found by making the charge electrical potential difference of a capacitor CO into a 
parameter. Within the limits which makes a minimum time amount which added the charging time value 
of a capacitor to this, and makes an upper limit time amount adding time amount until reflective energy 
returns to this is written as flow time amount. Compared with the conventional method which detects the 
discharge current of a capacitor with a current transformer, and finds the flow time amount of a solid 
state switch, flow time control is ensured and there is effectiveness of a miniaturization and cost 
reduction. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The equipment configuration Fig. showing the operation gestalt of this invention. 
[Drawing 2] The related Fig. of the flow time amount operation in an operation gestalt. 
[Drawing 3] The block diagram of the conventional pulse power unit (the 1). 
[Drawing 4] The block diagram of the conventional pulse power unit (the 2). 
[Drawing 5] The conventional flow time amount arithmetic circuit. 
[Description of Notations] 

1 ~ Pulse generating circuit 

2 — Battery charger 

31-33 — Magnetic-pulse compression circuit 

4 — Load 

5 — Discharge-starting timing detector 

6 — Flow time amount operation part 

7 — Electrical-potential-difference detector 

8 — Flow time amount operation part 

9 — Gate mechanical component 

[Translation done.] 
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[Translation done.] 
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